Objective: The objective of this study was to determine the relationship of race and socioeconomic factors and the method used for appendectomies in children (open vs. laparoscopic). Summary Background Data: Previous studies have shown racial and insurance-related differences associated with the management of appendicitis in adults. It is not known whether these differences are observed in children. Methods: Children (Ͻ15 years) undergoing appendectomy from 1996 to 2002 were identified in the Nationwide Inpatient Sample. Severity of appendicitis and underlying chronic illnesses were determined by ICD-9 codes. Hospital characteristics evaluated included teaching status and location, children's hospital status, and volume of appendectomies. Hierarchical unadjusted and risk-adjusted logistic regression analyses were performed. Results: Among 72,189 children undergoing an appendectomy for appendicitis, 11,714 (16%) underwent a laparoscopic appendectomy. Multivariate analysis showed that whites were more likely to undergo a laparoscopic appendectomy than blacks (odds ratio, 1.14; 95% CI, 1.03-1.25, P ϭ 0.01) but not other races. A significant interaction between payer source and children's hospital designation was observed, with the odds of children with private insurance undergoing laparoscopic appendectomy being significantly higher than those without private insurance at nonchildren's hospitals but not at children's hospitals. Conclusions: There are significant racial and insurance-related differences in use of laparoscopic appendectomy in children that are most evident at nonchildren's hospitals. These findings provide evidence that factors at hospitals dedicated to children may lead to better access to new technologies. (Ann Surg 2007;245: 118 -125) 
Objective: The objective of this study was to determine the relationship of race and socioeconomic factors and the method used for appendectomies in children (open vs. laparoscopic). Summary Background Data: Previous studies have shown racial and insurance-related differences associated with the management of appendicitis in adults. It is not known whether these differences are observed in children. Methods: Children (Ͻ15 years) undergoing appendectomy from 1996 to 2002 were identified in the Nationwide Inpatient Sample. Severity of appendicitis and underlying chronic illnesses were determined by ICD-9 codes. Hospital characteristics evaluated included teaching status and location, children's hospital status, and volume of appendectomies. Hierarchical unadjusted and risk-adjusted logistic regression analyses were performed. Results: Among 72,189 children undergoing an appendectomy for appendicitis, 11,714 (16%) underwent a laparoscopic appendectomy. Multivariate analysis showed that whites were more likely to undergo a laparoscopic appendectomy than blacks (odds ratio, 1.14; 95% CI, 1.03-1.25, P ϭ 0.01) but not other races. A significant interaction between payer source and children's hospital designation was observed, with the odds of children with private insurance undergoing laparoscopic appendectomy being significantly higher than those without private insurance at nonchildren's hospitals but not at children's hospitals. Conclusions: There are significant racial and insurance-related differences in use of laparoscopic appendectomy in children that are most evident at nonchildren's hospitals. These findings provide evidence that factors at hospitals dedicated to children may lead to better access to new technologies. S ince its introduction in the early 1980s, laparoscopic appendectomy has been performed as an alternative to open appendectomy among adults and children with acute appendicitis. While some studies have shown no clear benefit of laparoscopic appendectomy over open appendectomy, other studies have suggested that laparoscopic appendectomy is associated with shorter hospital stay, less postoperative pain, earlier return to daily activity, and lower cost. [1] [2] [3] [4] [5] [6] The benefits of laparoscopic appendectomy are also controversial among children. [7] [8] [9] [10] Although a clear advantage of the laparoscopic approach has not been firmly established, there is evidence that this approach is increasingly being used in all age groups. 11 It has been well established that there are racial and socioeconomic differences in the presentation of pediatric appendicitis. Higher rates of appendiceal rupture have been observed among children who are from lower income areas, lack private insurance, or are minorities. Reasons that have been suggested for these observations include delays in seeking care or timeliness of diagnosis by providers that may be attributable to access to and quality of care. 12, 13 Previous evidence has suggested that there are racial and socioeconomic disparities in the treatment of appendicitis that exist at presentation even when accounting for the severity of disease. In an analysis of patients selected from the Nationwide Inpatient Sample (NIS), white race and private insurance status were observed to be independent predictors of undergoing laparoscopic appendectomy. 14 While this study included adults and children, children were not separately analyzed. In addition, the impact of hospital-related factors on potential treatment disparities was not evaluated.
In the current study, we tested the hypothesis that race and socioeconomic factors are associated with the likelihood of children undergoing laparoscopic appendectomy. In addition to considering patient-related factors, we also considered the impact of hospital characteristics on treatment differences because of potential hospital effects on disparities. 15, 16 
METHODS
This study was approved by the Institutional Review Board at UMDNJ-Robert Wood Johnson Medical School. Data were obtained from the Healthcare Cost and Utilization Project (HCUP) NIS from year 1996 to 2002. The NIS contains discharges from a 20% sample of community (nonfederal) hospitals in the United States. The database contains information that is found in a typical discharge abstract including diagnosis and procedure codes defined using Inter-national Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9). Children (age Ͻ15 years) with an ICD-9 diagnosis code for appendicitis (540.0, appendicitis with generalized peritonitis; 540.1, appendicitis with peritoneal abscess; 540.9, appendicitis without mention of peritonitis; 541, appendicitis, unqualified; 542, other appendicitis) and appendectomy (47.0; appendectomy; 47.01, laparoscopic appendectomy; 47.09, other appendectomy) were identified. The severity of appendicitis was classified as nonperforated appendicitis (540.9, 541, 542), perforated appendicitis with no abscess (540.0) or perforated appendicitis with abscess (540.1). Patients were considered to have undergone a laparoscopic appendectomy if a code for laparoscopic appendectomy (47.01), other laparoscopic procedure (54.21, laparoscopy; 54.51, laparoscopic lysis of peritoneal adhesions), or conversion from a laparoscopic to open procedure (V64.4) was recorded. This definition of laparoscopic appendectomy was based on "intent to treat." To exclude children undergoing an incidental appendectomy, records were not included if an ICD-9 code for incidental appendectomy (47. 1, 47.11, or 47.19) or for another major abdominal procedure was found.
Study Variables
Patient-related variables potentially associated with the performance of laparoscopic appendectomy were identified in the database and included age, gender, race, estimated median household income, payer source, and transfer status (transferred or not transferred from another acute care hospital). Race was designated as "Other" if not identified as Asian/Pacific Islander, black, white, or Hispanic. Household income is estimated in the NIS based on the median income of the patient's ZIP code of residence derived from projections from the 1990 U.S. Census. Medicaid and Medicare were collapsed into a single-payer source category. Payer sources identified as self-pay, no charge, or other payer types were designated as "Other." Thirteen categories of chronic disease were identified using ICD-9 codes. 17 Hospital-related variables potentially associated with the performance of laparoscopic appendectomy were also identified in the database and included census region (Northeast, Midwest, South, and West), hospital teaching status (nonteaching vs. teaching) and hospital location (urban vs. rural). Children's hospital designation (a nonchildren's hospital, a children's unit in a general hospital, or a children's general hospital) was obtained from the National Association of Children's Hospitals and Related Institutions (NACHRI, Alexandria, VA). The volume of pediatric (age Ͻ15 years) appendectomies performed in each hospital in each year was determined. Because of skewed distribution, hospital volume of appendectomies was divided into groups based on the cutoffs that best divided hospitals into 5 equal groups (quintiles).
Missing data were observed for several variables including race, estimated household income, payer source, and children's hospital designation. Among these variables, only race (22% of records) and children's hospital designation (17% of records) were missing in more than 3% of records. Race was most commonly not available in the database because individual hospitals did not record this variable. Among the 2449 hospitals treating children with appendicitis during the study period, 659 (27%) did not report race in any record. Most records with missing race (87%) were obtained from hospitals with a standard practice of not recording this variable. While these observations suggested that the pattern of missing race was missing completely at random, we also performed multiple imputation to verify that omission of records with missing race did not lead to biased results. 18 Several states did not report hospital names preventing assignment of children's hospital status in 589 (24%) hospitals using NACHRI records. Because children's hospital designation was missing completely at random, values in this field were allowed to enter the regression models as missing.
Statistical Analysis
Procedure counts were estimated using hospital-specific discharge weight using the survey commands in Stata 8.0 (Stata Corp., College Station, TX). U.S. census population estimates were used to estimate the population-based incidence of appendectomies in each year. 19 The impact of patient and hospital characteristics on the binary outcome, approach to appendectomy (open vs. laparoscopic), was modeled using a generalized estimating equation approach (PROC GENMOD, SAS 8.2, SAS Institute, Cary, NC) to control for clustering within hospitals. Both univariate and multivariate analyses were performed. The reference group for each analysis consisted of the largest group for each categorical variable. Estimates of the adjusted regression coefficients and corresponding 95% confidence intervals were calculated. A backward elimination strategy was used to select predictors for the final multivariate model with exclusion if significance was observed at P Ͼ 0.05. Interaction terms were also considered and included in the final model when significant at the P Ͻ 0.05 level. Interactions considered included age and gender, age and severity of appendicitis, payer source and children's hospital designation and race and children's hospital designation.
Multiple imputation was used to construct 8 imputed datasets from the data. Race was imputed using values of all other variables. The logistic regression analyses were then repeated on each of the 8 imputed datasets and combined to give the final result. Multiple imputation was performed using SAS 8.2 (PROC MI and PROC MIANALYZE, SAS Institute). A summary of projected procedure counts is shown in Table 1 . The largest group of children was those age 10 to 14 
RESULTS

Overview of Data
Univariate Analysis
Univariate logistic regression identified several factors associated with laparoscopic surgery ( Table 2 ). The odds of undergoing a laparoscopic procedure were higher as age increased and was higher in females than in males. Blacks and Hispanics were less likely to undergo a laparoscopic procedure compared with whites. With increasing estimated income, laparoscopic appendectomy was more frequent than open appendec- tomy. Children with Medicaid or Medicare had lower odds of undergoing laparoscopic surgery than those with private insurance. While laparoscopy was less likely among children with complicated appendicitis, the presence of a chronic disease was associated with higher odds of undergoing laparoscopy. Children who were transferred from another hospital were less likely to undergo laparoscopic appendectomy than those treated at only one hospital. A laparoscopic appendectomy was more commonly performed among those treated at teaching hospitals or at a children's hospital.
Multivariate Analysis
An initial multivariate regression model was constructed to identify independent predictors of undergoing laparoscopic appendectomy (Tables 3, 4 ). Procedures performed in later calendar years had higher odds of being done by a laparoscopic than an open approach. A significant interaction between age and gender was observed in this model, with laparoscopic appendectomy being more likely with increasing age in females than in males. Both increasing age and female gender were independently associated with laparoscopic appendectomy when the model was run without the interaction term. In contrast to findings in the univariate analyses, blacks but not Hispanics had lower odds of undergoing laparoscopic appendectomy than whites. Children with evidence of perforation were less likely to undergo laparoscopic appendectomy than those with uncomplicated appendicitis as were those transferred from another hospital (Table 3) .
A significant interaction between payer source and children's hospital designation was observed ( Table 4 ). Children with either Medicaid/Medicare or other payers who were treated at a nonchildren's hospital had lower odds of undergoing a laparoscopic procedure than those with private insurance. The odds of a laparoscopic procedure among children treated at a children's general hospital was not significantly different regardless of payer source when compared with those with private insurance treated at a nonchildren's hospital. In contrast, children treated in a children's unit of an adult hospital with either Medicare/Medicaid or private insurance had a higher odds of undergoing a laparoscopic procedure (Table 4 ). No significant association between es- The reference group used for calculating the odds ratios in the interaction between children's hospital designation and payer source was then changed to facilitate comparisons at each type of children's hospital. When the reference group was changed to children with private insurance treated at children's general hospitals, those with Medicaid/Medicare treated at these hospitals were observed to have significantly higher odds of undergoing a laparoscopic procedure (odds radio ͓OR͔, 1.12; 95% CI, 1.01-1.26, P ϭ 0.04) than those with private insurance, while the odds of those with other payer sources treated at these hospitals was not significantly different than those with private insurance (OR, 1.04; 95% CI, 0.76 -1.42, P ϭ 0.79). When the reference group was changed to children with private insurance treated at children's units in adult general hospitals, those with Medicaid/ Medicare treated at these hospitals did not have significantly different odds of undergoing a laparoscopic procedure (OR, 1.06; 95% CI, 0.91-1.24, P ϭ 0.47) than those with private insurance, while the odds of those with other payer sources (OR, 0.80; 95% CI, 0.66 -0.97, P ϭ 0.02) was significantly lower than those with private insurance.
Separate risk-adjusted analyses were then performed using only records of children treated at nonchildren's hospitals or at children's hospitals (either children's general hospitals or children's units in adult general hospitals). At nonchildren's hospitals, Asian/Pacific Islander, black, and Hispanic children had significantly lower odds of undergoing a laparoscopic appendectomy compared with white children. Children with Medicaid/Medicare but not other payer sources had significantly lower odds of undergoing a laparoscopic procedure compared with those with private insurance (Table  5) . At children's hospitals, no significant differences were observed in the odds of undergoing laparoscopy between white children and those of other races or between children with private insurance and those with other insurance types ( separately, no significant differences were observed in odds of laparoscopic surgery based on either race or payer source. Each multivariate analysis was repeated using multiple imputation to evaluate the effect of missing race on the final results. None of the conclusions differed when records with missing data were included using imputed values for race.
DISCUSSION
In this study, we observed significant differences in the application of laparoscopy for the treatment of appendicitis in children based on both race and payer source. Overall, whites were more likely to undergo a laparoscopic appendectomy than blacks. When analyzed by children's hospital designation, white children were observed to be more likely to undergo laparoscopy at nonchildren's hospitals than children of other races, while no racial differences were observed at children's hospitals. Children with Medicaid or Medicare were less likely overall to undergo a laparoscopic appendectomy than children with private insurance. Analysis using an interaction term between payer source and children's hospital designation as well as separate analyses based on children's hospital designation showed that this finding was observed at nonchildren's hospitals but not at children's hospitals.
Differences in treatment based on racial and socioeconomic factors have recently been described for a variety of conditions requiring surgical care in addition to appendicitis in adults including cardiac disease, cancer, joint disease, vascular disease, and renal failure. 20 -24 Potential disparities have also been observed in the surgical treatment of congenital heart disease and the access to cochlear implantation for hearing loss in children. [25] [26] [27] Disparities in surgical treatment are likely to be multifactorial and related to disease-and region-specific factors. Factors that may contribute to differential access to surgical treatment options may include provider bias, patient education, cultural beliefs, geographic factors limiting access to care, and access to health insurance.
The implications of choosing either open or laparoscopic appendectomy for the treatment of appendicitis are fundamentally different than choosing treatment options for other diseases. To date, an unequivocal benefit of laparo-scopic appendectomy approach has not been shown, potentially due to only a small incremental advantage of laparoscopy. While it may be argued that the cosmetic appearance of the abdomen after a laparoscopic appendectomy may be better, many children, particularly those who are very thin, have a very acceptable postoperative appearance with a small right lower quadrant incision. Regardless of whether an open or laparoscopic approach is used, the primary goal of treatment is achieved with both: removal of the inflamed appendix. In contrast, the decision to perform other procedures such as a joint replacement for degenerative joint disease or a kidney transplant for end-stage renal disease has more profound implications for the well-being of the patient. Nevertheless, our findings that differences in treatment of appendicitis relate to nonmedical factors remain important and need additional study.
There are several limitations of this study that should be considered. While analyzing a large, nationally representative database has advantages, there are well-known limitations to the use of a large administrative dataset such as the NIS. Diagnosis and procedure coding may have inaccuracies when used for risk-stratification or for record inclusion or exclusion. In particular, we used diagnosis codes to establish the severity of appendicitis because we could not use more accurate operative report descriptions or pathology reports. Because severity of appendicitis has been shown to be an important factor affecting the surgeon's decision to perform a laparoscopic procedure, 28 stratification by severity using administrative codes was required. Other studies have also used administrative data for stratifying the severity of appendicitis and have the same limitation. 11, 14, 29 While we have considered several patient-related factors for stratification, there may be other factors related to race or insurance type that more directly account for our findings. One such factor that should be considered is obesity. It has been shown that obesity is increasing in Hispanic and black children and among children in lower socioeconomic groups. 30, 31 Because obesity is a factor considered by many surgeons when determining the approach used for appendectomy, addition of body mass index to our analyses may have altered our findings. Nevertheless, because obesity may lead many surgeons to choose a laparoscopic approach, addition of this factor could be predicted to strengthen rather than diminish effects of race and insurance type. We also were unable to determine the reasons for hospital-related differences in the application of laparoscopy using available data in the NIS. In particular, we could not evaluate the effects of surgeon experience or training on surgical approach. 28 While differential access to laparoscopy may explain the observed disparities, we could not exclude the possibility that surgeon-related factors also contributed. These factors are important to consider because it is primarily the surgeon who determines the approach used. The NIS contains physician identifiers that have been used in previous studies to track the operative experience of individual surgeons and to assess each surgeon's area of specialization. 32, 33 Because several states do not report physician identifiers that are unique to each physician, the NIS has limited usefulness when used for these purposes. It is likely that surgeons operating at children's hospitals will have specialty training in pediatric surgery, while it is likely that most at nonchildren's hospitals do not have this added training. Because of these trends, children's hospital designation may be a surrogate measure of surgeon training or for ongoing experience treating children. In this way, differences in application of laparoscopy may not be directly related to the type of hospital but to the type of surgeons who operate at each type of hospital. Referral practices within hospitals could also direct patients to surgeons who are more or less likely to perform a laparoscopic appendectomy based on nonmedical factors. Finally, because surgeons at children's hospitals are more likely to be early adopters of laparoscopy for children, the absence of disparities at children's hospitals may be due to wider availability of laparoscopy at these institutions. This hypothesis is supported by recent data showing that differences in care may be directly linked to the availability of treatment options at hospitals chosen by different racial groups rather than to race itself. 15, 16 The impact of parental influence and choice on the method of appendectomy is an additional factor that cannot be analyzed using this dataset. The availability of new technologies such as laparoscopy may serve to bring out disparities in care related to the socioeconomic status of parents. Reasons that may lead to more rapid utilization of new treatments among patients of higher socioeconomic status include improved access to medical information, greater influence on providers, and better social connection with similarly treated peers. 34 While most parents will not be aware of the controversies surrounding the use of laparoscopic appendectomy, it is likely that many will be aware of the general benefits of laparoscopy. Because the incremental benefit of laparoscopic appendectomy is likely to be small if it exists, parental influence may prove to be an additional factor tipping the decision for or against laparoscopic appendectomy in some settings.
Finally, the use of administrative data to evaluate racerelated effects should also be viewed with caution. Because race is not used for reimbursement, this variable is not included in the most commonly used format for collecting discharge data, the Uniform Bill for Hospitals (UB-92). Because of its potential importance, most states have included race as part of their discharge data collection. In states that collect data on race, this variable is usually collected on admission by administrative staff. While race may be self-reported, some hospitals allow staff to record this variable when it is clearly evident (HCUP Technical Assistance, e-mail communication, September 22, 2005) . The effect of these collection methods on the accuracy of race designation is not known.
CONCLUSION
Our study suggests that there are disparities associated with nonmedical factors in the treatment of appendicitis, one of the most common diseases requiring surgery in children. While our study does not directly prove that racial and economic factors led to variable utilization of laparoscopy, our findings are consistent with recent studies showing the association between nonmedical factors and the rate of diffusion of new technologies into a population. 16, 35 Our findings also provide additional evidence for a strong effect of hospital-related factors on treatment disparities and the need to include hospital-level variables in these types of analyses. 15, 16 The existence of disparities in treatment of appendicitis suggests a need to identify differences in access to care for other diseases in children that may require surgical treatment. The goal of these efforts should be to reduce inequities and improve care for all children using available technologies.
